ABSTRACT A study was conducted to determine whether water-cooled perches would be preferred by commercial broilers exposed to a hot ambient environment, and subsequently, whether utilization of these perches would improve performance and the well-being of birds, beyond those provided by normal perches. Four hundred and thirty-two 14-d-old male chickens from a commercial fast-growing strain (Arbor Acres) were housed in the following conditions: 1) cool perches, 2) normal perches, and 3) control pens with no perches. The results showed that there was greater use of cool perches than normal perches for broiler chickens during summer (F 1, 4 = 125, P = 0.0004). Cool perches increased BW gain (F 2, 6 = 5.44, P = 0.0449) and breast (F 2, 24 = 3.31, P = 0.0539) and thigh muscle yields (F 2, 24 = 6.29, P = 0.0063), while decreasing abdominal fat deposition (F 2, 24 = 7.57, P = 0.0028), cooking loss (pectoralis major, F 2, 24 = 3.30, P = 0.0542; biceps femoris, F 2, 24 = 3.42, P = 0.0493), percentage of panting birds (F 2, 6 = 102, P < 0.0001), and scores of footpad (F 2, 6 = 122, P < 0.0001) and hock (F 2, 6 = 68.2, P < 0.0001) burn, and abdominal plumage condition (F 2, 6 = 52.0, P = 0.0002), particularly toward the end of the rearing period. In contrast, normal perches hardly affected growth performance, carcass composition, meat quality and behavioral patterns, and appeared to worsen the welfare status, including footpad and hock burns and abdominal plumage condition, due to a lower occupancy rate. Cool perches offer a thermoregulatory and performance advantage to broilers exposed to a hot environment and appear to be a management strategy for improving the production and well-being of commercial broilers.
INTRODUCTION
Many studies have been published on the responses of broiler chickens to the availability of perches. Compared with laying hens, broilers seem to use perches less frequently, likely because of their higher BW Barnett et al., 2009) . Although broilers exhibited a higher perching frequency in the past (<27% of 8-wk birds perching, Hughes and Elson, 1977) , more recent studies found much lower frequencies (1.0-2.6%, Le Van et al., 2000; Su et al., 2000; Pettit-Riley and Estevez, 2001 ). This may make perch usage ineffective at increasing the bird's floor space allowance. Hence, modern lines of broilers in commercial flocks are typically not provided with perches. The type of perch influences its use (Ventura et al., 2010) and approaching perch design from a different perspective may improve the propensity of birds to perch.
Broiler chickens under commercial conditions may experience relatively high temperatures year round, but this is especially so during the summer. In this context, cool perches deserve attention as a new alternative, by which birds can gain additional benefits from perching, such as provision of a cooler microclimate. Early in the 1990s, it was demonstrated that broiler breeder hens and broiler chickens (Reilly et al., 1991) preferred to roost on cool perches when they were exposed to high environmental temperatures, resulting in improved bird performance. During the past 20 yr, broiler strains have evolved further, and both final BW and slaughter age have changed so the contemporary broilers may respond differently to the availability of cool perches. Only one relatively recent study has investigated the use of cool perches by modern broilers , but they hardly investigated any correlation between perch use and bird growth and welfare. Such knowledge has potential value for optimizing housing and management to improve both production efficiency and animal welfare.
In summer, high ambient temperatures are recognized as one of the major environmental factors negatively influencing poultry production. Continuous selection for increased growth rate may have increased the sensitivity of broilers to heat stress (Lu et al., 2007) . The detrimental effects of heat exposure on growth performance, carcass composition, and meat quality of commercial broilers have been well documented (Yalçin et al., 2001) . In litter-rearing systems, the prolonged contact with bedding and droppings results in a high incidence of footpad dermatitis, hock burns, and abdominal plumage damage (Dozier et al., 2006; Shepherd and Fairchild, 2010) , especially in high-density broiler production (Reiter and Bessei, 1998a,b; Koene et al., 1999) . Encouraging perching behavior may have beneficial effects on the welfare of the birds because it stimulates a variety of motor patterns (Bizeray et al., 2002) . Perching is suggested to be a way to increase activity and improve the walking ability of broilers, which may reduce leg weakness at high stocking density . Considered together, provision of cool perches may help address all of the aforementioned issues, because it offers zone cooling as opposed to whole-house cooling, increases environmental enrichment, encourages frequent perching, and reduces contact with the litter. We hypothesize that cool perches would improve the growth and welfare of broiler chickens by increasing perching frequency during the summer.
The aim of the present study was to assess the effect of cool perches on live performance, carcass quality, and objective measures of welfare in broiler chickens. Following Estevez et al. (2002) , a water-chilled perch was designed with optimum temperature, height, and position within the pen. A normal perching system, including horizontal and sloped perches was used as a positive control. Because differences in propensity to perch have been found among broiler breeds and between sex (Lewis et al., 1997; Estevez et al., 2002; Bokkers and Koene, 2003) , the male fast-growing genotype, being the least reactive, was evaluated here to assess the efficiency and effectiveness of cool perches. The adaptive responses, daytime behavioral patterns, and some relevant metabolites in plasma were also measured.
MATERIALS AND METHODS

Birds and Husbandry
One-day-old male chicks of the Arbor Acres strain were obtained from a local hatchery and reared in nine 4 m 2 (2 m × 2 m) floor pens during the summer of 2011 at the experiment station of Department of Animal Science, Shandong Agricultural University. New rice hulls (5-cm depth) were used as litter. The brooding temperature was 34°C (70% RH) for the first 3 d and was reduced gradually to 30°C (60% RH) at 7 d of age. Thereafter, all the chickens were exposed to the ambient temperature. Actual pen temperatures were measured 4 times daily (0800, 1200, 1600, and 2000 h) 30 cm from the litter surface ( Figure 1 ). All chicks received a starter diet with 20.0% CP and 3,000 kcal ME/ kg from d 1 to 21 and were fed a grower diet with 19.4% CP and 3,100 kcal ME/kg after d 21. The light regimen was 23L:1D. Each pen was equipped with feeders and a nipple water line. The feeder was located along the hallway, and the drinker line was placed parallel with the hallway, 1.0 m from the outside wall (Figures 2A  and 3A) . The feeder space per bird was 2.5 cm for all treatments, and there were 8.0 birds per nipple, fewer than the manufacturer's recommendation of 12 birds per nipple. Throughout the whole experimental period, the chickens had free access to feed and water. The present study was approved by Shandong Agricultural University and conducted according to the Guidelines for Experimental Animal Research of the Ministry of Science and Technology, P. R. China.
Experimental Design
A completely randomized experimental design was employed. In each treatment, there were 3 replicates of 48 birds. The treatments consisted of pens (1) with cool perches, (2) with normal perches, and (3) without perches (control).
Cool perches consisted of 11 parallel galvanized steel pipes, 20 or 25 cm in length, 2.0-cm i.d., linked in series with flexible tubing ( Figure 2B ). They were held in place by polypropylene random (PP-R) supports with slots for positioning. The pipes were 14.5 cm apart with a gross area of 0.3625 m 2 and total length of 235 cm. Cooling was achieved by a constant flow (400 mL/min) of tap water (10°C) throughout the experiment. Chickens were exposed to the perches from 1 d, and the cool water was turned on at 14 d. The normal perch is made of PVC, containing a horizontal and a sloped perch (13°). They were constructed of 1.9-cm inside diameter PVC pipes and were 45 cm in length, with 2 equally spaced 28-cm-long PVC crossbars ( Figure 3B,C) . These perches were all placed parallel to and located 20 cm out from the pen wall (Figures 2A and 3A) . The perch design provided 380 cm of linear perching space in each pen (7.92 cm/bird).
Data Collection and Sampling
At the end of each week, feed intake and BW gain were recorded on a per-replicate basis, and feed conversion ratio (FCR) was calculated.
At 42 d of age, after a 12-h overnight fast, 3 randomly selected birds from each replicate were euthanized by cervical dislocation. The heart, liver, abdominal fat, right breast, and deboned thigh muscles were harvested and weighed individually and then expressed as a percentage of BW.
Subsequently, the carcasses with intact skin covering the excised areas were placed in sealed plastic bags and stored overnight at 4°C. At 4 h postmortem, a meat sample was cut from the left pectoralis major (PM) and biceps femoris (BF) with a 20 × 20 mm punch (10 mm in depth), perpendicular to the muscle fiber direction, and was used for the measurement of drip loss. Meat samples were obtained again at 24 h postmortem (about 20 mm from the previous sampling area) for further analysis of cooking loss.
Meat Quality Variables
Drip loss was measured in duplicate as described by Young et al. (2004) . Samples were placed, without contact and with the fiber direction of the muscle samples horizontal to gravity, in a container covered with polyethylene film to avoid evaporation at 4 to 6°C for 48 h; drip loss was determined by differential weighing.
Cooking loss was estimated using the method of Sante et al. (2000) . For each muscle sample, 2 scallops were vacuum-packed in polyethylene bags and cooked in a water bath at 85°C for 15 min (end point temperature of 75°C). Samples were weighed before cooking, cooked, drained, and reweighed. Cooking loss was expressed as the percentage of weight before cooking.
Behavioral Observations
Behavioral observations were performed, twice daily, during the last 4 d in each week. Observation was from 0830 to 1130 h and at 1430 to 1730 h using the instantaneous scanning technique (Martin and Bateson, 1986) . The number of birds eating, drinking, perching, standing, and panting was recorded in each pen, taken sequentially every 10 min. Perching was defined as a bird sitting, standing, or walking with both feet on the perch for more than 2 s (LeVan et al., 2000; PettitRiley and Estevez, 2001) . To avoid disturbing the behavior of the chickens, all observations were made from a distance and only by one observer, who was present during the sampling times throughout the experiment to familiarize the chickens with the presence of humans.
Footpad and Hock Burns and Abdominal Plumage Damages
At the end of each week, all the chickens in each pen were examined for footpad and hock burns and abdominal plumage condition. Footpad and hock burns were scored on a subjective 4-point scale following Bilgili et al. (2006) : 0 = no lesion; 1 = mild lesion, less than 0.75 cm (diameter); 2 = greater lesion, less than 1.5 cm; or 3 = severe lesion, more than 1.5 cm. The condition of plumage in the abdominal area was assessed with a modified method of Tauson (1984) . An integer score of 0 to 3 was used, where 0 meant no damage, 1 meant mild damage (less than 1/3 of total area), 2 meant greater damage (more than 1/2) with mild breast blisters, and 3 meant severe damage (more than 2/3) with greater breast blisters.
Rectal Temperature and Plasma Variables
At 28, 35, and 42 d of age, rectal temperature of 3 perching birds from each pen was measured with a thermometer at a 3 cm depth. Three randomly selected birds from each replicate were then blood sampled (wing vein, heparinized syringe) and plasma, obtained by centrifugation at 400 × g for 10 min at 4°C, was stored at −20°C. Plasma concentrations of glucose (no. F006) and urate (no. C012) were measured spectrophotometrically with commercial diagnostic kits (Jiancheng Bioengineering Institute, Nanjing, China), which have been previously used in poultry studies (Gao et al., 2008; Yuan et al., 2008) .
Statistical Analysis
For the variables of feed intake, BW gain, FCR, behavior observations, footpad and hock burn scores, and abdominal plumage condition, repeated measurement analysis (SAS version 8e, SAS Institute, 1998) was conducted on a per-pen basis to evaluate the main effects of perch and time, as well as their interactions. Comparisons between means used Tukey's test. Behavioral observations were subjected to arcsine transformation before analysis to satisfy the ANOVA requirements for normality and homogeneity of variance when these data were averaged on a per-pen and per-week basis. For the variables of processing yield, meat quality, rectal temperatures, and blood responses, a one-way ANOVA model was used to estimate the main effect of perch for individual chickens. Means were considered significantly different at P < 0.05.
RESULTS
In the present study, maximum diurnal temperatures in the house from 3 to 6 wk of age oscillated from 31.1 to 34.1°C for dry bulb (DB) and 27.1 to 30.1°C for wet bulb (WB, Figure 1 ), which are typical for the region during summer.
Production Performance
A significant perch effect was observed only on BW gain (F 2, 6 = 5.44, P = 0.0449), where it was increased by cool perches (Table 1) . Feed intake (F 3, 18 = 451), BW gain (F 3, 18 = 104), and FCR (F 3, 18 = 697) were all affected by age (P < 0.0001) but not by its interaction with perch (Feed intake, F 6, 18 = 0.83, P = 0.5593; BW gain, F 6, 18 = 0.61, P = 0.7165; FCR, F 6, 18 = 0.39; P = 0.8783).
Compared with normal perches and the control, the cool perch marginally increased breast muscle yield (F 2, 24 = 3.31, P = 0.0539) and increased thigh muscle yield (F 2, 24 = 6.29, P = 0.0063, Table 2 ). Regardless of perch type, abdominal fat content was decreased (F 2, 24 = 7.57, P = 0.0028), relative to that in controls without perches. No significant perch effect existed for heart (F 2, 24 = 1.32, P = 0.2855) and liver (F 2, 24 = 1.09, P = 0.3532) yields.
In both PM (F 2, 24 = 0.55, P = 0.5819) and BF (F 2, 24 = 1.12, P = 0.3415), there was no significant perch effect on drip loss (Table 2 ). In terms of cooking loss, a decreasing trend for chickens provided with cool perches was slight in PM (F 2, 24 = 3.30, P = 0.0542) and was significant in BF (F 2, 24 = 3.42, P = 0.0493).
Behavioral Patterns
The perch effect was significant for perching (F 1, 4 = 125, P = 0.0004, Figure 4A ) and panting (F 2, 6 = 102, P < 0.0001, Table 3) behaviors and was slight for drinking (F 2, 6 = 4.29, P = 0.0696) and standing (F 2, 6 = 3.55, P = 0.0962) behaviors. Cool perches increased perching behavior, while decreasing panting, and tended to reduce drinking and standing behaviors.
Age had a significant influence on all measured behaviors (Figure 4 , Table 3 ). Perching (F 3, 12 = 113, P < 0.0001) and panting (F 3, 18 = 1646, P < 0.0001) both increased with age, while panting was drastically decreased at 6 wk. Eating (F 3, 18 = 42.9, P < 0.0001), drinking (F 3, 18 = 10.6, P = 0.0003), and standing (F 3, 18 = 128, P < 0.0001) behaviors all decreased as the chickens aged; both eating and standing behaviors, however, increased at 6 wk.
There was a significant interaction between perch and age for perching (F 3, 12 = 113, P < 0.0001, Figure  4A ) and panting (F 6, 18 = 59.2, P < 0.0001, Table 3) behaviors. In the cool perch treatment, perching frequency was maximal at 5 or 6 wk, whereas in normal perch treatment, it peaked at 4 wk. From 5 to 6 wk of age, panting behavior was decreased by availability of cool perches but not by normal perches or in the controls, with no perches.
Footpad and Hock Burns and Abdominal Plumage Condition
In contrast to footpad burns and abdominal plumage damage, hock burn was not observed until 4 wk (Figure Table 1 4C). They were all influenced by perch, age, and their interactions (Figure 4 ). In the case of perch treatments, these scores were normal perches > control > cool perches (footpad burn, F 2, 6 = 122, P < 0.0001; hock burn, F 2, 6 = 68.2, P < 0.0001; abdominal plumage, F 2, 6 = 52.0, P = 0.0002). With respect to age, footpad (F 3, 18 = 3105, P < 0.0001) and hock burn (F 2, 12 = 1497, P < 0.0001) scores were progressively higher as birds aged, whereas abdominal plumage score (F 3, 18 = 125, P < 0.0001) initially decreased and increased later. When perch and age were considered together, the differences in footpad burn (F 6, 18 = 47.4, P < 0.0001) and abdominal plumage (F 6, 18 = 20.3, P < 0.0001) scores among perches were either not significant (3 wk) or only for cool perches (4 wk) and different for all 3 treatments only at 5 and 6 wk ( Figure 4B ,D). Mean- while, the differences in hock burn score (F 4, 12 = 29.5, P < 0.0001) among perches were not significant at 4 wk, only for normal perches at 5 wk, and different for all 3 treatments only at 6 wk ( Figure 4C ).
Rectal Temperature and Plasma Variables
At 4 (F 1, 16 = 94.1), 5 (F 1, 16 = 397), and 6 (F 1, 16 = 113) wk, rectal temperatures of broiler chickens perching on cool perches were all lower than those on normal perches (P < 0.0001, Figure 5 ). Rectal temperatures increased with age in broiler chickens perching on normal perches (F 2, 24 = 21.8, P < 0.0001), but they did not change in birds perching on cool perches (F 2, 24 = 1.41, P = 0.2639). Plasma concentrations of glucose and urate were barely affected by perch treatment, except that plasma glucose level declined marginally in birds with cool perches at 5 wk (F 2, 24 = 3.20, P = 0.0585, Table 4 ).
DISCUSSION
In the present study, the effect of cool perches on the performance of broiler chickens, raised in a hot environment (mean daily maximum temperature was 32.7°C for DB and 28.7°C for WB), was investigated at different ages. The results show that broiler chickens used cool perches more than normal perches in this hot ambient environment. Cool perches were favorable for BW gain, carcass quality, and welfare status, especially toward the end of the rearing period. In contrast, normal perches seemed to aggravate the incidence of footpad and hock burns and damage to the abdominal plumage. Consequently, provision of cool perches for growing broilers in hot environments may be a practicable means of avoiding production losses arising from heat stress.
Perch Use and Behavioral Patterns
Use of perches by broiler chickens varies according to the type, angle, height, temperature, and position of the perch. In this study, use of normal perches increased with age through 4 and 5 wk and then decreased. This result was consistent with those of previous studies (Le- Rectal temperatures of perching birds subjected to cool perches or normal perches. Values are means of 9 individuals of 3 birds per pen. m,n Perch means not sharing the same letters within weeks differ (P < 0.05). x,y Age means not sharing the same letters within treatments differ (P < 0.05). Van et al., 2000; Pettit-Riley and Estevez, 2001) , and the heavy BW of broilers as they near market age may be a limiting factor for perch use. The higher BW did not constrain the use of cool perches, which increased linearly with age, even at the end of the growing period. As BW increases with age, broilers become less resistant to heat exposure (Arjona et al., 1988; De Basilio et al., 2001) , which was reflected in their increasing rectal temperatures with age in the normal perch treatment. Therefore, it appears that the chickens were actively gaining additional cooling benefits from the conductive heat dissipater, by their using the cool perches. This speculation was supported by their panting behavior, which also increased with age, peaked at 5 wk, and then declined by 6 wk in the birds having access to the cool perches. In the normal perch treatment and control groups, the percentage of panting birds increased with age throughout, with values being particularly higher at 5 and 6 wk. These data further indicate that broiler chickens use the cool perches for thermoregulatory purposes as BW increases.
In comparison to normal perches, the cool perches exhibited higher general use at any given time during the 28-d experimental period. The result is in agreement with the previous study in broiler breeder hens and broiler chickens Reilly et al., 1991; Estevez et al., 2002) , suggesting that, if given a choice, broilers seek the cooling system, because it favored heat transfer from the chickens to the perches. This statement was also supported by the frequency of panting being lower in the cool perch treatment, along with the tendency to decreased time drinking (F 2, 6 = 4.29, P = 0.0696) and the significantly lower rectal temperatures.
In the present study, eating behavior was not affected by perch treatment, consistent with measured feed intake. The lower frequency of standing in the cool perch treatment (F 2, 6 = 3.55, P = 0.0962), related to the increased perching, was consistent with the observation by Bizeray et al. (2002) . Eating, drinking, and standing behaviors were all decreased with age, and the increased BW may be a limiting factor. At 6 wk of age, the standing behavior was increased in either perch treatment, suggesting a positive effect of perch use on activity stimulation or leg health for broiler chickens.
Performance Indices
In line with a previous study (Reilly et al., 1991) , a significant effect of perch treatment on BW gain was detected, which was increased only by the cool perches. Although there was no significant interaction between perch and age for overall growth, the cool perches tended to increase feed intake (F 2, 6 = 3.72, P = 0.0889), BW gain (F 2, 6 = 4.64, P = 0.0607), and feed efficiency (F 2, 6 = 5.00, P = 0.0527) at 6 wk of age. This suggests that the beneficial effect of cool perches on the performance of growing broilers is related to age and is more obvious as the birds grow.
It is more difficult to modify carcass composition than to alter growth rate (Quentin et al., 2003; Zhao et al., 2009 ), but in the present study, increased weight gain induced by cool perches reflected the differences in processing yield. In support of previous findings , broilers subjected to cool perches showed more breast (F 2, 24 = 3.31, P = 0.0539) and thigh muscle deposition and lower abdominal fat percentage. Growth performance, considered together with the components of gain, clearly changed toward greater leanness in the chickens with access to cool perches.
As in our previous study (unpublished data), neither drip loss nor cooking loss in either muscle was affected by availability of normal perches, indicating that the water-holding capacity of the meat has little relation with perch use. Acute and chronic heat stress of broiler chickens results in significantly higher drip or cooking losses (Northcutt et al., 1994; Sandercock et al., 2001; Lu et al., 2007) . The decreased cooking loss found here with cool perches demonstrates their beneficial influence on meat quality and results from improved thermolysis rather than perching activity as such.
Welfare Status
As expected, perch rearing had significant influence on footpad and hock burn scores and abdominal plumage condition but there were 2 distinct types of responses to perch use. On the one hand, cool perches decreased these scores and improved well-being, indicating that the higher perching frequency decreased the contact of the foot, hock, and keel with litter, reduc- ing the development of footpad and hock dermatitis and abdominal plumage damage. On the other hand, the normal perches increased these scores and impaired well-being so the type of perch is important, as previously noted (LeVan et al., 2000; Pettit-Riley and Estevez, 2001 ). Because the birds used normal perches infrequently, there may be a further reduction in the availability of floor space to the broilers (Heckert et al., 2002) , thus increasing the contact of feet, hocks, and keel with the litter. The effect of perch use on footpad and hock burn scores and abdominal plumage condition was age dependent. In the early stages of growth, there was no difference for these scores among perch treatments, consistent with the low percentage of perching birds. Later, the difference was significant just for cool perches, and perching frequency reached the highest level. At the end of the rearing period, these scores were different for all 3 treatments; the occupancy rate of perches was still high for cool perches while tending to decrease for normal perches. Based on these findings, it can be deduced that the beneficial effect of cool perches stems from the direct effect of perching behavior per se but, because heat-exposed chickens reduce their feather proportion to improve heat dissipation , the improved thermolysis from cool perches cannot be completely excluded.
Stress Indicators
Birds benefit from the cooling effect of water-chilled perches by body contact, allowing heat transfer to the perch. One objective of this study was to investigate the extent to which physiological adaptive responses to heat stress in broiler chickens could be changed by providing them with access to cool perches. Both cool and normal perches significantly decreased abdominal fat percentage, suggesting a beneficial effect of perching behavior per se. Although heat-exposed chickens typically have enhanced fat deposition (Ain Baziz et al., 1996; Geraert et al., 1996; Lu et al., 2007) , this result cannot be due to the thermoregulatory effect of cool perches, as there was no difference between cool perches and normal perches. Blood glucose and urate contents are also sensitive indicators of stress response (Puvadolpirod and Thaxton, 2000; Lin et al., 2004a,b) , but cool perches barely influenced these variables and only plasma glucose concentrations tended to be decreased at 5 wk (F 2, 24 = 3.20, P = 0.0585), so the complete effect of cool perches on stress responses needs further study.
In conclusion, broiler chickens had greater use for cool perches than normal perches in the hot environment experienced here. Cool perches favorably affected growth performance, carcass quality, behavioral patterns, and the welfare status in birds, some aspects of which were age-dependent and appeared to result from increased perch use and conductive heat transfer. The effect of cool perches on the stress response to high ambient temperature requires further investigation.
